The validity of measurements of the cardiac silhouette on chest radiographs for the evaluation of right ventricular enlargement and right atrial enlargement in patients with a pure restrictive ventilatory impairment was investigated in 19 patients. The forced vital capacity (FVC) percent predicted in these patients was 59 ± 12 percent (mean ± SD) (range, 29 to 79 percent). Right ventricular enlargement, by two-dimensional echocardiography, was defined as a right ventricular area >20.4 cm2 and right atrial enlargement was defined as a right atrial area >15.3 cm2. Chest radiographic measurements in the posteroanterior (PA) projection included distance from the midline to the farthest point of the right border of the cardiac silhouette, transverse cardiac diameter, and cardiothoracic ratio. Measurements in the lateral projection included the lateral horizontal Characteristics of posteroanterior (PA) chest radiographs such as increased distance from the midline to the farthest point on the right border of the cardiac silhouette, and characteristics of lateral chest radiographs such as retrosternal space obliteration, have been thought to relate to right ventricular enlargement and right atrial enlargement.' Such criteria, however, have not been tested in patients with pure restrictive lung disease. The purpose of this investigation was to determine whether PA and lateral chest radiographs reliably demonstrate right ventricular enlargement and right atrial enlargement in patients with a pure restrictive ventilatory impairment.
METHODS
Nineteen patients with pure restrictive ventilatory defects, defined as a forced vital capacity (FVC) -80 percent predicted and a normal FEV1/FVC ratio were studied by two-dimensional (2-D) echocardiography, PA and lateral chest radiographs, and spirometry.
Echocardiography
All patients underwent a 2-D echocardiographic study of the right and left heart using a phased array echocardiography sys- 
Radiography
Posteroanterior and lateral chest radiographs were obtained in deep inspiration at a distance of 1.8 m with the patient upright. In the PA projection, distance from the midline to the farthest point on the right border of the cardiac silhouette was measured.
Normal was defined as '<5.5 cm.4 The transverse diameter was measured as the sum of the distance from midline to the right border of the cardiac silhouette plus the distance from the midline to the left border of the cardiac silhouette.5'6 Normal was defined as <14.5 cm.5,7 The cardiothoracic ratio was defined as the ratio of the transverse diameter of the heart to the transverse diameter of the thorax.6 The latter was measured as the distance near the level of the diaphragm between the inner surface of the ribs on the left side to the inner surface of the ribs on the right side. A ratio of <55 percent was considered normal. 6 In the lateral projection, the lateral horizontal transverse diameter was measured as a line from the most distal dorsal point of the cardiac silhouette horizontally to the frontal inner-chest contour.8 Normal was defined as .11.6 cm8 (Fig 1) . The ventral portion of the lateral broad diameter was measured as the length of a perpendicular dropped from the farthest ventral contour to a line connecting the caudal end of the trachea with the sternodiaphragmatic angle8 (Fig 1) . No normal values have been reported. The retrosternal space was measured as the distance between the angle of Louis and the sternodiaphragmatic angle in the lateral radiograph. The extent of obliteration of this space by the cardiac shadow was expressed as a percentage of the total space. Obliteration of <33 percent of this space was considered as the upper limit of normal.9
Patient Characteristics
The mean age of the patients was 59 ± 18 years (mean + SD). Underlying disorders that caused the restrictive ventilatory impairments are shown in Table 1 . Among these 19 patients, 11 had no associated cardiac disease, 4 had hypertension (2 with mild left ventricular [LV] wall thickening, LV wall thickness <1.3 cm, and normal LV dimensions), and 4 had angina with normal LV chamber size. None of the patients had evidence of LV dysfunction by echocardiography. None of the patients with vertebral abnormalities had a deformity that might have invalidated the radiographic measurements.
Statistical Analysis
Pearson correlation coefficients were obtained to test the relationship between the right ventricular area and the various chest radiographic dimensions. Unpaired t tests were used to compare continuous variables. A Bonferroni correction for multiple comparisons was applied. A probability of p<0.01 was considered significant.
Sensitivity was defined as the proportion of cases correctly diagnosed. Specificity was defined as the proportion of normal test results among patients in whom enlargement of the right atrium or right ventricle was absent.
RESULTS
From the PA projection, distance from the midline to the farthest point on the right border of the cardiac silhouette did not correlate with the right atrial area determined by 2-D echocardiography (r=0.11, Table 2 ). The transverse diameter did not correlate with the right ventricular area (r=0.30, p=NS) or the right atrial area (r=0.003, p=NS). There was poor correlation between the cardiothoracic ratio and the right ventricular area (r=0.27, p=NS) ( Table 2 ).
In the lateral projection, the lateral horizontal transverse diameter did not correlate with the right ventricular area (r=0.14, p=NS) ( Table 2 ). The ventral portion of the lateral broad diameter did not correlate with the right ventricular area (r=0.01, p=NS) ( Table 2 ). The extent of obliteration of the retrosternal space did not correlate with the right ventricular area (r= -0.17, p=NS) ( Table 2 ). None of the measurements from lateral radiographs correlated with right atrial area ( Table 2) .
When patients with vertebral abnormalities were eliminated, the correlations both in the PA and lateral projections remained not significant. Correlations with right ventricular area and right atrial area of radiographic measurements in the PA and lateral projections, when normalized to body surface area or body weight, also remained not significant.
The patients were divided into groups according to the size of the right atrium and the right ventricle as determined by echocardiography: normal right atrial and right ventricular dimensions (n=7), enlarged right ventricle ± enlarged right atrium (n=6), and enlarged right atrium ± enlarged right ventricle (n=8) ( Table 3 ). There were no significant differences in the chest radiographic measurements among these groups (Table 3) . When the patients with vertebral abnormalities were eliminated, the differences remained not significant.
DISCUSSION
There was no correlation between the right ventricular area and the measurements made from the PA and lateral chest radiographs. Similarly, there was no correlation between the right atrial area and any of the measurements that were made. Most prior studies that evaluated the accuracy of chest radiographic criteria for right ventricular enlargement were based on clinical studies or pathologic studies using wall thickness measurements of the right ventricle. 10 Right ventricular areas and right atrial areas were obtained from 2-D echocardiograms using the methods of Bommer hearts, showed that 90 percent of the patients had a transverse diameter <13.4 cm. The transverse diameter relates to height and weight.7 In patients <182 cm in height and <103 kg in weight, the transverse diameter was <14.5 cm. 7 We found no investigation that relates transverse diameter to right ventricular or right atrial dimensions measured by independent means. The lateral horizontal transverse diameter can be increased by right ventricular enlargement due to the site at which the measurement is made. Similarly, the ventral portion of the lateral broad diameter anatomically corresponds to the right ventricular outflow tract and right ventricular infundibulum. We did not find any correlation between these dimensions and the right ventricular area.
In conclusion, the chest radiographic dimensions that are considered to be diagnostically useful for determining right ventricular or right atrial enlargement did not reliably identify such enlargement in patients with pure restrictive lung disease. Direct measurement of cardiac dimensions by 2-D echocardiography in patients with a restrictive ventilatory impairment is more reliable for the assessment of right ventricular and right atrial enlargement than assessment by the plain chest radiograph.
